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) I. INTRODUCTION
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E » ”’__“,;::7 An ongoing single event upset (SEU) program at JPL and the Aerospace ¥
| Corporation is continuing in order to assess specific parts performance in {
)
interplanetary and satellite envircnments and to establish trends in SEU 4
r response of many parts types. )
| b
} In 1985, Nichols et al (Ref. 1) published a nearly comprehensive listing v
. of SEU test data for 186 parts. This large collection was sufficient to 3
) permit generalizations about the parts SEU susceptibility according to their
'y 1)
¢ technology, function, and manufacturer. ;
' )
\ i
\ In this report generalizations are extended to newer classes of parts and J
y the statistical base for some of the previous parts classifications is "
expanded. {
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I1. ORGANIZATION AND SCOPE OF DATA

This report presents soft error and latchup experimental test data from
the Jet Propulsion Laboratory (JPL) and the Aerospace Corporation during the
period from May 1985 through December 1986. However, data taken for the CRRES
satellite ground test program,* and proprietary data taken by DNA subcontrac-
tors and others is excluded from this survey. Much smaller data sets have
been generated by other U.S. and foreign researchers; these data have not been
sought for inclusion in this compilation. The data presented here, neverthe-
less, represent a substantial majority of all test data obtained throughout
the world during this period.

The data from JPL and the Aerospace Corporation are presented in two
different groups, and there are minor differences in the format of each
organization. JPL defines the threshold LET as that value of LET where soft
errors are first counted at fluences of approximately 106 ions/cmz. Aerospace
defines this threshold as occurring at that LET where the measured upset cross
section is 10% of the measured maximum cross section. These two values may be
very different. To obtain SEU rates for a prescribed radiation environment,
one requires a plot of cross section vs. LET, provided by the parent test
organization,

The JPL data are conveniently divided into two tables; Table 1 for MOS
devices and Table 2 for bipolar devices. The Aerospace data are given in
Table 3 for all technologies. All data listed here represent a substantial
abbreviation and ignore statistical features altogether. Hence, a system
designer interested in a specific part is urged to contact the appropriate

test organization for further information.

]
Data for the CRRES spacecraft program are stored at JPL, with most of the
data presently available to the public.
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A. TRENDS ¢
1. JPL DATA

Several interesting trends emerge from this set of data. We see (as
indicated before in Ref. 1) that the CMOS RAMs have a varying susceptibility
to soft errors as demonstrated by the wide variation in threshold LET; the
single bipolar RAM reported here is very soft, as expected. Of special note
is the fact that an epi-CMOS part exhibited latchup, reported in Ref. 2.

The single test of a PMOS technology register shows that it has a
significantly higher threshold LET than the NMOS devices (DRAMs). However,
more testing of PMOS technology is required to establish whether PMOS
technology is harder than NMOS technology in general.

The NMOS DRAMs are very susceptible to heavy ion upset and much more
susceptible than the 4k KMOS DRAM (MCM6605A) reported earlier (Ref. 1) for
which the threshold LET was 14 MeV/mg/cm2. One can assume that the high
density (large number of bits) for the recently tested parts is relevant. It
is also noted that the cross sections for the 256k DRAM can exceed the
geometrical area of the sensitive regions. This observation strongly implies .
that multiple upsets can occur in these devices for a single ion strike. The
DRAMs are so sensitive, in fact, that a test with protons or neutrons is
recommended to assess their SEU response for avionics, as well as low earth

orbit and space applications.

Several PROMS were tested during this period and the data support the
expectation that transient upset pulses can occur in PROMs for the heavier
ions. Unfortunately, the upset threshold LET was not determined in any of
these tests. Note also that latchup was observed in one of the bulk CMOS
PROMs at an LET of 14 MeV/mg/cmZ.

All of the CMOS microprocessors are very soft except for the Harris 80C85
which is an equivalent to a specially hardened microprocessor of the Sandia
3000 series.

Four low power TTL bipolar logic devices were tested, which exhibited

good resistance to single event upsets. Noteworthy is the fact that two older
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(1974) versions of the 5U4L93 counter and the 54K73 flip-flop were softer than
their newer (1982) equivalents, fabricated by the same manufacturer. This
result contrasts with the normal trend where newer equivalent devices are
usually more SEU susceptible.

For the first time, data is available on some analog-to-digital (A/D) and
digital-to-analog (D/A) converter parts. This limited data subset suggests
that A/D converters are more SEU susceptible than the D/A converters.

2. AEROSPACE DATA

The Aerospace data show that two NMOS RAMs, a TTL RAM, and an advanced
CMOS technology RAM are all very susceptible to soft errors. The data show
that CMOS/SOS and CMOS/epi devices are much harder, as expected.

Preliminary results for a large collection of logic devices show
S54AHCTXXX devices are hard whereas 54ASXXX technology is fairly soft. The
latter technology resembles the response for S54ALSXXX devices reported earlier
(Ref. 1).
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111. CONCLUSIONS

The new data presented here, when combined with earlier published data,
(Ref. 1) list key SEU device response parameters for some 2U0 device types.
That data base permits many useful generalizations and trends to be
established. The data can be used to eliminate unacceptable device
technologies and to identify for systems those key parts that are expected to

be most SEU susceptible.
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4 LABOKATORY OPERATIONS

3

The Aerospace Corporation functions as an "architect-engineer” for

K < national security projects, specializing in advenced military space systems.
; Providing research support, the corporation's Laboratory Operations conducts
! experimental and theoretical investigations that focus on the application of
scientific and technical advances to such systems. Vital to the success of
a? these investigations is the technical staff's wide-ranging expertise and its
H ability to setay current with new developments. This expertise is enhanced by
f? a reiearch program aimed at dealing with the many problems associated with
b
i rapidly evolving space systems. Contributing their capabilities to the
DN
) research effort are these individual laboratories:
N Aerophysics Laboratory: Launch vehicle and reeatry fluid mechanics, heat
'% transfer and flight dynamics; chemical and electric propulsion, propellant
‘b cheaistry, chemical dynamics, environmental chemistry, trace detection;
‘¢ spacecraft structural mechanics, contamination, thermal and structural
fg control; high temperature thermowechanics, gas kinetics and radiation; cw and
W pulsed chemical and excimer laser development including chemical kinetics,
X spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.
?. Chenistry and Physics Laboratory: Atmospheric chemical reactions,
Q atmospheric optics, light scattering, state-specific chemical reactions and
) radiative signatures of missile plumes, sensor out-of-field-of -view rejection,
}( e applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
X physics, battery electrochemistry, 8pace vacuum and radiation effects on
r; aaterials, lubrication and surface phenomena, thermionic emission, photo-
sensitive materials and deter.tors, atomic frequency standards, and
envivonmental cheamistry.
¢ -
;2 Computer Science Laboratory: Program verification, program translation,
LY performance-sensitive system design, distributed architectures for spaceborne
% computers, fault-tolerant computer systems, artificial intelligence, micro-
AN electronics applications, communication protocols, and cowputer security.
N/
)
M Electronics Research Laboratory: Microelectronics, solid-state device
' physics, compound semiconductors, radiation hardening; electro-optics, quantum
" electronics, solid-state lasers, optical propagation and communications;

microwave semiconductor devices, microwave/millimeter wave measurements,
ﬁh diagnostics and radiometry, microwave/millimeter wave thermionic devices;
o atomic time and frequency standards; antennas, rf systems, electromagnetic
%‘ propagation phenomena, space communication systems.

$

o

Materials Sciences Lsboratory: Development of new materials: metals,
alloys, ceramics, polymers and their composites, and new forms of carbon; non-
destructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at

-

&' cryogenic and elevated temperatures as well as in space and enemy-induced
,f environments.
}} Space Sciences Laboratory: Magnetospheric, auroral and cosaic ray
i physics, wave-particle interactions, magnetospheric plasma waves; atmospheric
ﬁ‘ and fonospheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiation; solar physics, infrared astronoay,

- infrared signsture analysis; effects of solar activity, magnetic storms and
R}y ¢ nuclear explosions on the earth’s atmosphere, ionosphere and magnetosphere;

‘ effects of electromagnetic and particulate radiations on space systems; space
g instrumentation.
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